• The transscleral biopsy technique for uveal melanoma without the use of a lamellar scleral flap is associated with a low risk of complications.
Introduction
Uveal melanoma is a neoplasm of melanocytes located within the choroid, ciliary body, or iris and is the most common primary intraocular malignant neoplasm in adults [1] . Diagnosis is typically based on findings from the clinical exam and additional imaging tests, such as ultrasound and fluorescein angiography [2] . However, fine-needle aspiration biopsy (FNAB) is now commonly performed to obtain tissue sample for cytogenetic testing and gene expression profiling, which can help assess risk for metastasis [3, 4] . Treatment of uveal melanoma usually consists of plaque brachytherapy and enucleation [5] .
We have recently evaluated three eyes with uveal melanoma which had FNAB using a lamellar scleral flap at the time of plaque brachytherapy placement and subsequently developed scleral thinning over the flap site. Two eyes then developed melanocytic proliferation over the site of the scleral flap and one resulted in extrascleral tumor extension, requiring enucleation.
Case Reports

Case 1
A 75-year-old woman presented to our clinic to establish care and follow-up for choroidal melanoma in the left eye. She was diagnosed 4 years prior and received iodine-125 episcleral plaque brachytherapy at another institution. The total radiation dose information was not available. At that time, a transscleral FNAB was performed, using a 57 blade to create a partial thickness scleral flap and a 27-gauge needle to aspirate tumor material. The scleral flap was closed with 9-0 nylon sutures. Gene expression profiling revealed class 2 melanoma.
At presentation, her best corrected visual acuity was 20/40. Slitlamp examination showed scleral thinning over flap site with choroid showing, vitreous hemorrhage, trace pigment cells in the vitreous, and a brown mass in the anterior periphery. An ultrasound was performed, which showed an elevated choroidal lesion in a dome-shaped configuration, measuring 4.5 mm in thickness and 10.3 × 9 mm in basal diameter. These measurements represented a decrease in size from prior measurements. Repeat slit-lamp examination 7 months later showed increased scleral thinning and ultrasound remeasurement revealed a regressing tumor, 3.8 × 9.9 × 8.9 mm in size (Fig. 1, Fig. 2 ). Because the tumor had decreased in size, this was felt to represent scleral thinning and melting of the scleral flap secondary to radiation therapy. The patient is being followed by serial observation.
Case 2
A 55-year-old male was referred to our clinic for management of choroidal melanoma in the right eye. Four months previously, a choroidal lesion was noted incidentally on a routine MRI of the brain for his multiple sclerosis. Ultrasound revealed a tumor measuring 8.8 × 10.8 × 11.9 mm with a mushroom-like configuration. The A-scan component showed low internal reflectivity. About 1 month later, the patient underwent iodine-125 plaque brachytherapy, receiving a total dose of 85 Gy to 8.8 mm, and a transscleral FNAB. The surgeon used a 15-degree blade to make a partial thickness scleral flap and a 25-gauge needle to aspirate a specimen. The flap was closed using 8-0 nylon sutures. The tumor was found to be a class 1A subtype on gene expression profiling.
At a follow-up visit 20 months after presentation, VA was 20/100, which pinholed to 20/40, and slit-lamp examination was notable for scleral thinning and a pigmented lesion. The tumor had decreased in size to 3.1 × 9.0 × 10.6 mm by ultrasound examination (Fig. 3, Fig. 4 ). The pigmentation again was thought not to represent extraocular extension, but rather scleral thinning with an underlying treated melanoma. The patient is being followed by serial observation.
Case 3
An 80-year-old woman was evaluated in our clinic for ongoing management of a choroidal melanoma in the left eye. Her tumor had been treated 6 years previously with iodine-125 plaque brachytherapy, receiving a total of 84 Gy to 13.5 mm. At the time of plaque placement, she underwent a transscleral FNAB using a 15-degree blade to create a partial thickness scleral flap and a 25-gauge needle to aspirate tumor material. Gene expression profiling showed a class 1A tumor. Since then, her visual acuity decreased to light perception and she had no pain.
At the time of evaluation, slit-lamp examination was notable for a brown mass protruding at an area of scleral thinning temporally, peripheral neovascularization of the cornea, a shallow anterior chamber filled with cholesterol, vascularization of the iris, and no view of posterior ocular structures (Fig. 5) .
Ultrasound showed extrascleral extension of the tumor through the area of scleral thinning (Fig. 6 ). The tumor measured 14.5 mm in thickness (including the anterior protrusion) with a base measuring 16.4 × 15.0 mm. These measurements represented an increase in size from prior measurements.
Given concern for extraocular extension of melanoma, the eye was enucleated. Gross examination of the enucleated eye revealed a heavily pigmented choroidal mass nasally with an overlying scleral defect and the mass extended through the sclera onto the epibulbar surface (Fig. 7) . The tumor had broken through Bruch's membrane and assumed a mushroom-shaped configuration. Histopathologic examination showed that approximately 70% of the tumor was necrotic, with the surrounding portion composed of heavily pigmented cells. The tumor cells were plump, polyhedral cells with centrally placed, small, bland nuclei, and abundant cytoplasm, which was engorged with pink melanin pigment granules. There were scattered melanophages and cholesterol clefts within the tumor. The tumor extended through the sclera, onto the episclera surface, where it formed a nodule, which was covered by a thin layer of fibrovascular tissue. Some tumor cells in the scleral surface had spindle-shaped or oval nuclei with centrally placed nucleoli and marginated chromatin. Examination of the soft tissue adjacent to the optic nerve and the superonasal and inferotemporal vortex veins showed no signs of malignancy. The final diagnosis was malignant melanoma, mixed cell type arising in melanocytoma, and extensive necrosis and extraocular extension. 
Discussion
All three of our cases developed scleral thinning after transscleral FNAB using a partial thickness scleral flap and radiation treatment of their tumors. Although other etiologies of scleral thinning, such as inflammation from tumor necrosis or surgically induced necrotizing scleritis, are possible, we believe that these cases demonstrate scleral necrosis secondary to radiation therapy. There have been several reports in the literature of scleral necrosis after plaque brachytherapy [6] [7] [8] [9] [10] [11] . Overall, however, it is a relatively rare occurrence (1%) and the average time to development of scleral necrosis after radiation therapy is 32 months [12] . The cases that we describe here developed of scleral thinning within a comparable timeframe. Our case 1 developed scleral thinning within 31 months after treatment, case 2 within 19 months, and case 3 within 29 months, all consistent with the prior report.
Risk factors of scleral necrosis include: increasing tumor thickness (> 6 mm), ciliary body and peripheral choroidal location (pars plana to ora serrata location of the anterior tumor margin), and higher radiation dose to the sclera (> 400 Gy to the outer sclera) [12] . Before plaque placement, case 1 was 6 mm thick, case 2 was 8.8 mm thick, and case 3 had a tumor thickness of 13.5 mm. All three of our cases had anteriorly located tumors.
The diagnosis of scleral necrosis is based on clinical findings and must be distinguished from extrascleral tumor extension to avoid unnecessary enucleations or risk of metastasis. In 1999, Corrêa et al. [9] described a case of early-onset scleral necrosis with tumor extrusion within 1 month of plaque radiotherapy in a 62-year-old with a large ciliochoroidal melanoma, which was treated with enucleation. The distinction between scleral necrosis and tumor extension can be difficult. For example, Hill and Corrêa [13] describe a case of scleral necrosis in an eye treated with brachytherapy for uveal melanoma that simulated extension of the tumor, though no tumor cells were found outside the sclera once the eye was enucleated. Furthermore, Kaliki et al. [12] found no evidence of scleral involvement of melanoma in 8 eyes that were enu- show that the residual tumor had increased in size from prior imaging, and exhibits extrascleral extension (asterisks). cleated for suspected tumor extensions and signs of scleral necrosis. Ultrasound biomicroscopy (UBM) or anterior segment optical coherence tomography (AS-OCT) can be useful in distinguishing between scleral necrosis and extrascleral tumor extension [12] . UBM and AS-OCT images in our cases were not available. Scleral necrosis alone can be managed conservatively with observation and lubrication with artificial tears, gels, or ointments [12] . Other management options for scleral necrosis include scleral patch graft, conjunctival graft/ flap, amniotic membrane transplantation, and enucleation, depending on the severity and concern for possible perforation [12, 14] . We elected to closely observe case 1 and case 2 because they showed only scleral thinning and melanomacrophage proliferation thus far but no increase in tumor size.
Our case 3 showed evidence of scleral thinning and increased subconjunctival pigmentation 3 years prior to enucleation. Later, ultrasound measurements that included the anterior protrusion of the tumor showed an increase in thickness, raising suspicion for likely extrascleral tumor extension, which was confirmed once the eye was enucleated. Recurrence of melanoma after radiation therapy is rare, with a recurrence rate of 3-4.2% after several years of follow-up [15, 16] . Local recurrence is associated with a greater risk of distant metastasis, which some hypothesize to be related to the greater malignant potential of the primary uveal melanoma [15] .
FNAB of uveal melanomas is generally accepted to be a safe procedure with a low risk of complications [3, 4, 17, 18] . However, there are a few rare case reports in the literature of extrascleral tumor extension after FNAB [19] [20] [21] . None of the FNAB techniques referenced in the case reports definitively describe the use of a partial thickness scleral flap in a transscleral FNAB at the time of plaque brachytherapy placement.
To our knowledge, there has been no discussion in the literature of the role that a lamellar scleral flap may play in the development of future scleral necrosis or extrascleral tumor extension. In one prospective case series, Singh et al. [18] described outcomes in 150 eyes which had FNAB of uveal melanoma, including 71 eyes which had a partial thickness scleral flap at the time of their transscleral biopsy and plaque placement. They reported no tumor recurrence, but did not comment on development of scleral necrosis in the average of 37 months of follow-up [18] . Another recent study on complications of FNAB in uveal melanoma did not appear to include a lamellar scleral flap in their transscleral FNAB technique [17] .
The primary techniques used for FNAB include a transvitreal approach for posteriorly located tumors and transscleral methods for anterior lesions. The use of a lamellar scleral flap in the transscleral technique was initially popularized due to concerns for seeding of tumor cells in the subconjunctival space using a straight needle approach. Angi et al. [22] describe a biopsy technique for anteriorly located tumors that consists of an incisional biopsy using Essen forceps through a lamellar scleral flap later sealed by histoacryl glue; this technique improved specimen yield for cytological and genetic analysis compared to the traditional transscleral FNAB technique. This technique includes a near full thickness flap with a wide flap that allows for spreading of the tissue glue. They did not report any tumor recurrence, and did not report on the presence of scleral thinning over their median follow-up time of 9.8 months [22] . We made triangular flaps that measured approximately 3-4 mm at the base by 3-4 mm to the apex, 0.5 mm thick, and closed the flaps with one or two 8-0 nylon sutures at or near the apex; we did not use histoacryl glue. These differences from the Angi technique may have predisposed for scleral thinning.
Our cases illustrate a possible risk of scleral necrosis and possible extrascleral tumor extension in patients who have had plaque brachytherapy and partial thickness scleral flap during FNAB. It is possible that a variation on the lamellar scleral flap biopsy technique, as described by Angi et al. [22] , may avoid the complications of scleral necrosis and extrascleral tumor extension. However, further study is needed. Given the potential to confuse the clinical picture, our recommendation is to take precautions when using a lamellar scleral flap during transscleral biopsy.
